Abstract. 2014 In situ deformation has been conducted in the H-1250S HVEM with particular interest in finding correspondence between microscopic and macroscopic characteristics in strengthening of Ni3Al. Among the various materials, Fe-Cr-Ni, Mo, Ni3Al, Fe-Mn-Si, Cu-Fe and Cu-Ni-Sn examined in recent several years, discrepancy has been noted in the high temperature strengthening of Ni3Al in situ and bulk experiments. The serious structural differences found between the two types of experiments are compared and discussed in the light of the thin foil effect.
In situ deformation is a unique and powerful method in examining the basic properties of dislocation motion. A high voltage electron microscope is shown to be useful in examining dislocation motion in the state close to bulk samples , Tabata and Fujita, 1972 , Fujita and Ueda, 1972 , Mori and Fujita, 1977 , Tabata et al.,1977 , Martin and Kubin, 1979 . Radiation damage may, however, ruin the original characteristics. Therefore, in some cases an electron microscope with a lower energy, say 200kV, is more useful, as for example demonstrated in in situ experiments of Ni based L12 ordered alloys (Caillard et al., 1988, Molenat and Caillard, 1991) , Cu-Fe (Ishikawa and Sato, 1991) and Cu-Ni-Sn alloys . In many cases in situ experiments have been conducted with particular interest in the basic properties. For example the main topics subjected in our recent studies are 1) Dislocation interaction with radiation induced defects (Suzuki et al.,1991 , Suzuki et al.,1992 , 2) Phase transformation governed by dislocation motion (Ishikawa and Sato, 1991) , 3) Dislocation multiplication involved in 03B3 ~ 03B5 martensitic transformation (Hoshino et al.,1990) , 4) Strengthening in a Cu-Ni-Sn alloy by spinodal decomposition , and 5) Strengthening in Ni3Al . The present paper will put major focus on the subject 5) with special interest in finding linkage between the in situ deformation of a thin foil specimen and the high temperature strengthening of a bulk specimen.
At this point, we would like to introduce a few important observations made in the past in conjunction with the topics 1), 2), 3) and 4). In pursuing the above mentioned experiments, special techniques have been developed in order to overcome the difficulties encountered in the earlier studies.
In subject 1), use of baby cyclotron and irradiation of a jet polished specimen with the center thickness of 30 pm was particularly advantageous in preparing a micro tensile specimen containing homogeneously distributed interstitial loops. In this in situ experiments the micro tensile specimen prepared without perforation was deformed in a HVEM by substantial amount cracking. This enabled us to study the dislocation interaction with different types of loops in bcc Mo (Suzuki et al., 1991) and in fcc Fe-Cr-Ni (Suzuki et al., 1992) single crystals.
In subject 2), 03B3 ~ a (bcc) martensitic transformation has been traced successfully by in situ experiments. Thé 03B3 ~ a transformation in a spherical Fe particle embedded in Cu matrix is found to be initiated by operation of double shears at the particle. It is also shown that once the transformation starts it completes spontaneously and the particle emits many dislocations explosively (Ishikawa and Sato, 1990) . In this study, preparation of a micro tensile specimen without perforation was again key in introducing large deformation without cracking, since large deformation is necessary to induce 03B3 ~ a transformation into small Fe particles (Monzen, 1981) .
In subject 3), the 03B3 ~ 03B5 transformation is shown to take place slowly under certain experimental condition by operation of a pole mechanism, which is found to satisfy a dislocation reaction where the perfect dislocations in the left hand side in the above equation form a subboundary.
Moving on to subject 4), we find the case that the microscopic dislocation structure is strictly related to the macroscopic strengthening despite that examination has been made on a thin foil specimen of ~ 200 nm under a 200 kV electron microscope. This is obviously due to the fact that origin of the hardening by spinodal decomposition is spaced sufficiently close (1""'oJ 10 nm) compared with the specimen thickness (1""'oJ 200 nm).
In comparison with the above mentioned subjects of 1), 2), 3) and 4), the anomalous strengthening of the L12 ordered alloy (Ni3Al), the subject 5) has gained considerable attention in recent years. But the strengthening mechanism has not necessarily been clarified to satisfaction. For one reason, a difficulty arises due to the fact that superdislocations move too fast to obtain direct evidence for the proposed strengthening mechanism at high temperatures (Nemoto et al., 1980) . According to the recent in situ experiments by Caillard et al. (1988) , and Molenat and Caillard (1992) figure 2 . This device is designed to make control of the stress level precise by use of a spring. With this device spontaneous deformation can be suppressed by lowering the stress by a small amount just after yielding. Detailed description of the tensile device has been given in the previous reports (Hoshino et al., 1990 , Ishikawa and Sato, 1990 , Suzuki et al., 1991 , Suzuki et al., 1992 . Fig. 1 . -Slip system geometry of a micro tensile specimen and a bulk specimen used in the present study. Note that tensile axis in our in situ deformations and compression axis in the bulk deformation are taken along the same direction. The upper figure shows top view of a micro tensile specimen.
The bulk experiments were made by compression by using a rectangular specimen of 2 x 5 x 5 mm3 orientated as shown in figure 1. The electron microscopic observations after bulk deformation were made by slicing the deformed sample along the primary slip plane and stopping the electropolishing just before perforation. In this manner dislocation rearrangement occasionally induced by thin foil preparation could be avoided effectively. . The strengthening at a higher temperature but below the peak temperature is, however, controlled totally in athermal manner as also discussed . A dislocation structure developed in bulk deformation at room temperature is shown for comparison in figure 3 (c). The déformation was given to 1.2 % by compression. The foil specimen was prepared by slicing the deformed sample along the primary slip plane (111) and thinning it down to N 1 aim without perforation. The dislocation configuration found in figure 3(c) representing a bulk structure, is noteworthy and is quite different from that developed in the in situ deformation shown in (a) and (b Orowan type of stress of 180 MPa in good accordance with the aforementioned macroscopic flow stress of 200 MPa. In contrast, a small value of 78 MPa was obtained in the in situ deformation at 690 K. This discrepancy may be attributed to a surface effect arising in in situ experiments. The stress which is required to move the non-screw dislocations linked to short screw segments should not be greater than half of the Orowan type of yield stress because the effective pinning distance will increase at least by a factor of two due to the presence of the stress free surfaces. In other words, the deformation in the in situ experiment proceeding without production of screw dislocation segments would not provide correct information in dealing with the strengthening mechanism in bulk specimens at high temperatures.
The dislocation structures on the primary and secondary slip planes are similar as found in the stereo pair of micrographs shown in figure 5 . From the three dimensional view of the dislocation structure, it is confirmed that long and straight screw dislocations as well as the non-screw segments linked to them lie totally on the flat (111) minding that the Schmid factor is not much different for the primary (0.50) and secondary (0.46) slip systems and that the flow curve is characterized by a large work hardening, the above observation can be explained easily by considering motion of non-screw dislocation linked to immobile straight screw dislocations. 3.3 DEFORMATION AT 77 K. -In contrast to the rather simple dislocation structure but wit, high density of screw dislocations introduced at 500 K (Fig. 4) has also become evident in these micrographs that deformation proceeds mainly by single slip up to 5.2% in compression at 77 K in the present specimen while substantial secondary slip has taken place at 1.0% strain at 500 K. From the present observations, it is suggested that the rapid work hardening due to KW locking plays the essential role in the high temperature srengthening through the change in the total dislocation configuration in a bulk specimen. A rather small strengthening observed at 690 K in the in situ deformation may thus be attributed to the thin foil effect in the present study.
Conclusions.
Dislocation motion in a Ni3Al single crystal has been examined at 292 K and 690 K by in situ deformations in a HVEM. Microstructures in Ni3Al introduced by bulk deformations at 77 K, 292 K and 500 has also been examined with special caution in preserving it without dislocation rearrangement during thin foil preparation. It has become evident that the dislocation motion confined to a narrow slip plane in the in situ deformation takes place in a different manner from a bulk specimen. The high temperature strengthening in a bulk specimen is thus controlled by the total dislocation configuration caused by KW locking in athermal manner but not strictly by simple locking-unlocking events.
